Abstract
Liquid crystalline materials are of great interest for material science as well as for life sciences. Their properties can be tuned by appropriate molecule design i.e. a calamatic structure or a discotic one. The design of novel thermotropic liquid crystals as advanced functional materials involves suitable selection of a core fragment, linking group and terminal functionality. In most cases, a significant mesophase destabilization is connected with this structural variation; however in rare cases lateral substituents can have a mesophase stabilizing effect.
Lateral substitution at the centre of the mesogen increases the molar volume and decreases the LC packing density [1] , thereby hindering their ability to form any kind of liquid crystalline phase if the mesogen is short [2] , and smectic mesophases if the mesogen is more extended [2, 3] .
Recently molecular topology [4] has attracted much attention for
producing molecules of different shapes with mesogenic behaviour.
Recent review of research work shows that a number of efforts have been going on for designing molecules of different shape showing liquid crystalline behaviour. Reports in the literature have revealed that the majority (∼ 90%) of the published work on bent, banana or V-shaped, based on rigid central 1, 3-phenylene and 2, 7-naphthylene cores self-assemble to yield molecular structures that exhibit banana liquid crystalline polymorphism [5] . The swallowed tailed compounds [6] have also been reported with interesting liquid crystalline phases. "Janus-like" super molecular liquid crystals have been found with chiral nematic and chiral smectic phases [7] . Yoshizawa and Yamaguchi [8] have reported layered structure in the nematic phase consisting of U shaped molecule. Yamaguchi et al. [9] have reported synthesis of homologous series of novel λ-shaped mesogenic compounds, which showed unusual smectic phases. They have investigated the physical properties of λ-shaped mesogenic compounds by means of DSC, XRD and optical microscopy. Yoshizawa et al. [10] crystal oligomers were found to show a direct phase transition from isotropic liquid to anticlinic SmC (SmCanti) phase. They observed that the Y-shaped compounds are quite different from that of the corresponding λ-shaped mesogenic compounds. Earlier we [11] have reported the synthesis of two λ shape mesogenic homologous series of in which one series having methyl and other having ethoxy terminal substituents. Mahajan et al. [12] have also reported synthesis of two λ shape mesogenic homologous series of 1, 2, 4-trisubstituted benzene derivative possessing ester and amide linkages having terminal chloro or methoxy substituents.
In the present work, we report the synthesis of a new λ-shaped mesogenic homologous series of azoester containing polar bromo and nitro substituents to evaluate the effect of polar substituents on mesomorphism. We also report the dielectric characterization of two representative members, n-octyloxy and n-tetradecyloxy derivatives of this newly synthesized λ-shaped homologous series. The λ shape molecular topology is expected to produce a characteristic effects since two different non-symmetric molecular configuration co-exist in a single molecule. The dielectric response of planar aligned sample is expected to be the result of more than one relaxation process because of their particular molecular shape, therefore the Cole-Cole presentation have been used to study the molecular relaxation process for both the representative compounds.
Experimental details 2.1. Characterization
Microanalyses of the compounds were carried out on a Coleman carbon-hydrogen analyzer and the values obtained are in close agreement with those calculated. IR spectra were determined as KBr pellets, using a Shimadzu IR-8400 spectrophotometer.
1 H NMR spectra were obtained with a Perkin-Elmer R-32 spectrometer using tetramethylsilane (TMS) as the internal reference standard.
The chemical shifts are quoted as δ (parts per million) downfield from the reference. CDCl 3 was used as a solvent for all the compounds. Liquid crystalline properties were investigated on a Leitz Laborlux 12 POL microscope provided with a heating stage.
The enthalpies of transitions, reported as J g -1 , were measured on a Mettler TA-4000 system, at a scanning rate of 5ºC min -1 . The instrument was calibrated using pure indium as a standard.
4-Hydroxybenzoic acid, the appropriate n-alkyl bromides (BDH), KOH, resorcinol, bromine, 4-nitroaniline, NaNO 2 , thionyl chloride etc. (Sisco Chem.) were used as received. All the solvents were dried and distilled prior to use.
Compounds of the new series I was prepared following the pathway shown in Fig. 1 . 
2-Bromo-4-nitroaniline [A]
This was prepared from 4-nitroaniline by the reported method
Bromo-4-nitro 2', 4'-dihydroxy azobenzene [B]
The compound B was synthesized by using the diazotization of (-N=N-), 1589 , 1502 , 1475 , 1406 , 1305 , 1273 , 1247 , 1192 , 1120 , 1035 Elemental analyses of all the compounds of series I was found to be satisfactory. IR and 1 H NMR spectral data of n-octyloxy derivative are given below.
IR spectrum (ν max /cm -1 ): 2921, 1685 (-COO-), 1605
(-N=N-), 1580, 1511, 1500, 1467, 1430, 1307, 1255, 1170, 1124, 1016, 941, 843, 773, 647, 550 . 1 H NMR spectrum: δ 0.9 (t, 6H, 2 x -CH 3 ), 1.25-1.50 (m, 20H, 10 x -CH 2 -), 
Preparation of cell and measurement of dielectric parameters
Two similar cells have been prepared by using highly conducting 
results and discussion

optical Microscopic studies
As a preliminary investigation, the mesophases exhibited by series I was examined using a polarizing optical microscope. Thin film of the samples was obtained by sandwiching them between a glass slide and a cover slip. First two members synthesized (n = 1 & 2) of the series I is non-mesogenic. On cooling from the isotropic liquid in an ordinary slide, n-propyloxy to n-octyloxy derivatives of the series I show the threaded/marble texture characteristic of nematic mesophase (Fig. 2a) . On further cooling, only the n-octyloxy derivative show schlieren texture characteristic of SmC mesophase ( Fig. 2b ). On cooling from the isotropic liquid, the n-decyloxy to n-hexadecyloxy derivatives shows schlieren texture characteristic of SmC mesophase. 
the Phase Behaviour
Twelve compounds were synthesized, and their mesogenic properties were evaluated. Methoxy and ethoxy derivatives are non-mesogenic, n-propyloxy to n-octyloxy derivatives exhibit enantiotropic nematic mesophase. Smectic C mesophase commences from the n-octyloxy derivative as an enantiotropic phase and is retained up to the last member synthesized. The transition temperatures are recorded in Table 2 . A plot of transition temperatures against the number of carbon atoms in the alkoxy chain ( Fig. 3) shows smooth falling tendencies with pronounces odd-even effect for the N − I transition temperatures with increasing chain length. The SmC -I transition temperatures also shows falling tendency as the series ascended. The width of the smectic phase of present compound 8 is 34ºC
whereas that of compound A is 45ºC. Gray [20] has explained that the compound, which required more thermal energy to disorganize the molecular arrangement of the smectic mesophase, is thermally more stable. As can be seen in Fig (Fig. 7a) . The existence of more than one molecular arrangement in any particular liquid crystalline phase has also been reported by other researchers [21] . Let the n 1 , n 2 and p 1 , p 2 are the concentration and induced polarization of species one and two respectively and the concentration of these two species is dependent on temperature. Therefore when the induced dipole moments of these two conformers counteract, the net induced polarization will vanishes or attain a minimum value depending on their respective concentration i.e. n 1 p 1 = n 2 p 2 [22, 23] .
This may be the reason behind the exceptionally low values of dielectric permittivity in SmC phase of such sample.
The variation of dielectric permittivity with temperature for second derivative of the series i.e. n-tetradecyloxy derivative is shown in Fig. 6b . The nature of dielectric permittivity in crystalline phase is almost similar to that observed for the previous element.
After showing a discontinuity near Cr to SmC phase transition temperature i.e. 88ºC, dielectric permittivity increases gradually till isotropic transition temperature because nematic phase does not exist. The dual molecular arrangement in the sample is not as clear from the Fig. 6b as for the first sample. But existence of dual molecular arrangement can be verified from Fig. 7b i.e. relaxation frequency versus temperature curve, as the whole plot can be divided into two parts (discussed later) in SmC phase.
The dielectric relaxation phenomenon of such a typical molecular structure must be due to the combined effect of more than one 
where δε′ is dielectric strength of material, ε′ (∞) is high frequency of dielectric permittivity of free space, ω is the angular frequency, τ is relaxation time and α is distribution parameter. If the value of α is small the above equation will satisfy the Debye type of relaxation phenomenon but for α value more than 0.5 the Usually the dielectric permittivity in smectic phase is higher than dielectric permittivity in nematic phase, while in the present work the dielectric permittivity in smectic C phase is lower than the dielectric permittivity in nematic phase.This is due to the negative dielectric anisotropy of the samples. The values of dielectric anisotropy as determined by parallel and perpendicular component of dielectric permittivity has been given in table 3. This unusual behaviour can be explained by a model of two different molecular conformers of oppositely induced dipole moment. The � shape molecular topology suggests the coexistence of two different non symmetric arms in a single molecule (Fig. 8a) . The behaviour may be explained by a model of dynamically fluctuating two interconvertible conformers separated by a temperature dependent energy barrier. The two possible conformers of � shape molecules are as presented in Fig. 8b . It is clear from the figure that both of these molecule conformers have oppositely induced dipole moment.
Let the n1, n2 and p1, p2 are the concentration and induced polarization of species one and two respectively and the concentration of these two species is dependent on temperature. Therefore when the induced dipole moments of these two conformers the himalayan physics Vol. ii //23// The errors of experimental data in low and high frequency range due to such type of sample holder are quite common. [16, 27] therefore the experimental results extremely required a low and high frequency correction. On separating real and imaginary part of the equation (1) one may get after adding high and low frequency correction parameters
... (2) and
where σ (dc) is ionic conductance and ε o is free space permittivity, f is frequency, while n, m and k are fitting parameters. The term ε′ The activation barrier in SmC phase towards lower temperature side is 3.56 kJ/mol, where as towards higher temperature side it was 5.8 kJ/mol. Which confirms the existence of two interconvertible conformers separated by a temperature dependent energy barrier and support the observation made by dielectric permittivity curve.
Previously Dhar et al. [27] and Ratna et al. [28] have also reported the existence of two SmA phase on the basis of two different activation energies in the particular temperature range.
Similar type of behaviour of relaxation frequency is also observed for n-tetradecyloxy derivative in smectic C phase (Fig. 7b) . Here the two energies are found to be 1.44 kJ/mol and 4.44 kJ/mol. The relaxation frequency again shifts towards the lower frequency side at higher temperature and the figure shows the existence of more than one molecular arrangement in smectic C phase. Such a typical behaviour of relaxation frequency for n-tetradecyloxy derivative of this series conforms that increase in temperature produces the distortion in shape of molecule, which is also supported by Table 3 .
The dielectric strength of the sample decreases drastically at higher temperature. Similar type of behaviour of relaxation frequency is also reported by our group earlier and the relaxation process may be correlated with the rotation of side chain of the molecule [29] .
The values of distribution parameter and dielectric strength at different temperatures in SmC are listed in the 
Conclusion
A new 1.
λ-shaped mesogenic homologous series with polar bromo and nitro substituents was synthesized lower members (n ≤ 8) exhibit nematic mesophase except methoxy and ethoxy derivatives, which are nonmesogenic whereas higher members (n ≥ 8) exhibit smectic C mesophase.
The smectic and nematic mesophase thermal stabilities 2.
of the present series having polar nitro and bromo substituents are higher as compared to the structurally related mesogenic compounds without bromo as well as bromo and nitro substituents.
The samples under investigation show unusual dielectric 3. 
